We evaluated the use of surgical stabilisation for atlantoaxial subluxation after a follow-up of 24 years in 50 rheumatoid patients who had some degree of pain but no major neurological deficit.
We evaluated the use of surgical stabilisation for atlantoaxial subluxation after a follow-up of 24 years in 50 rheumatoid patients who had some degree of pain but no major neurological deficit.
The mortality of patients treated by atlantoaxial fusion was significantly lower than for those who received conservative treatment. The deaths resulted from infection or comorbid conditions. The significantly high relative risks of mortality from conservative treatment compared with surgical treatment were mutilating disease and susceptible factors on both of the HLA-DRB1 alleles. Relief from pain and neurological and functional recovery were better, and the radiological degree of atlantoaxial translocation was less in those who were surgically treated compared with those who were not. Two patients had superficial local infections after surgery. We conclude that prophylactic atlantoaxial fusion is better than conservative treatment in these patients.
Atlantoaxial subluxation is a common radiological abnormality in patients with rheumatoid arthritis. 1 Severe neurological complications can occur such as paralysis, cervical myelopathy, vertebrobasilar insufficiency and even sudden death from compression of the brainstem and spinal cord. 2 Opinions differ about the appropriate timing of surgery for rheumatoid patients with atlantoaxial subluxation. Some clinicians wait for the development of neurological signs while others favour prophylactic fusion. In this study, we have compared the long-term outcome of consecutive groups of surgicallycorrected and conservatively-managed patients with rheumatoid arthritis who had some degree of pain and radiological evidence of atlantoaxial instability but no major neurological deficit.
Patients and Methods
The study was approved by the institutional ethics committee, and informed consent was obtained from each patient. Cervical treatment began between January 1979 and April 1984 at the Division of Rheumatology in Sapporo Gorinbashi Orthopaedic Hospital and the Department of Orthopaedic Surgery and the Department of Internal Medicine in Sapporo Medical University. All patients met the 1958 American College of Rheumatology criteria for rheumatoid arthritis. 3 The inclusion criteria for this study were as follows: 1) radiological findings of atlantoaxial subluxation (space available for the spinal cord ≤ 14 mm) with no related disorders or major anomalies of the spine before cervical treatment and 2) grade 2 or less for pain (moderate) and class II or less for neurological assessment (subjective weakness with hyper-reflexia and dysaesthesia) according to the criteria of Ranawat et al. 4 Patients who declined cervical surgery and continued under the supervision of an internal medicine practitioner were matched with surgical patients for age ( SD 3 years), gender, the duration of disease ( SD 3 years) and the presence or absence of rheumatoid factor. The minimum follow-up period was 20 years.
There were 26 patients in the group treated surgically and 24 in that treated conservatively. Details of both groups are given in Table I . There were no significant differences between them in the distribution of rheumatoid arthritis subsets, HLA-DRB1 typing, the number of arthroplasties and the distribution of complications. Operative technique. Following induction of general anaesthesia, the patient was placed in a prone position. Skull tong traction was applied and a final pre-operative radiograph was obtained to ensure proper cervical alignment. Posterior fusion between the atlas and the axis was performed with sublaminar wires and two autogenous corticocancellous rectangular-shaped grafts from the posterior aspect of the ilium. 5 After surgery, each patient wore a Philadelphia collar for six weeks and a soft rubber collar for a further six weeks. Patients who did not undergo surgery were treated with either a soft or Philadelphia collar.
The characteristics of the patients were evaluated in terms of a clinical subset (serum Clq (component of complement) level, number of joints with erosion and annual reduction of carpal height ratio) and HLA-DRB1 typing by using the patient's nail clippings. The clinical subset was divided into three categories: 1) least erosive disease; 2) more erosive disease; and 3) mutilating disease. 6 The HLA-DRB1 typing was also divided into three categories of susceptible factor: 1) HLA-DRB1 0401, 0404, 0405, 0101, 1001, 1402 on both of the HLA-DRB1 alleles; 2) one susceptible and one non-susceptible factor; and 3) two nonsusceptible factors. 7 During the 24-year follow-up period survival and causes of death were examined. Changes in the symptoms and radiological findings were assessed at an intermediate point of eight to 12 years after entry into the study and at the time of the latest follow-up at 20 to 24 years. Symptoms were recorded according to the score of Ranawat et al 4 and the American College of Rheumatology revised criteria for functional status. 8 Atlantoaxial subluxation was defined as an anterior atlanto-odontoid interval and space available for the spinal cord ( ≤ 14 mm) between the posterior margin of the odontoid process and the posterior arch of the atlas on the flexion lateral radiograph. Vertical migration was defined as the distance that the tip of the odontoid extended above the McGregor lines drawn between the hard palate and the most caudal point of the occipital curve. 9 Subaxial subluxation was defined as > 3 mm slip of the posterior border of the vertebral body relative to the one below during flexion and extension of the neck.
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Statistical analysis. Survival of the two groups was determined by the Kaplan-Meier method, and the significance between the two groups was ascertained by the log-rank test. Dichotomous variables created for clinical characteristics were assessed by Cox's model as a relative risk factor of mortality from conservative treatment compared with that from surgical treatment. Other statistical analyses were performed using Student's t -test and the chi-squared test when appropriate. All analyses were carried out using SPSS version 11.0 (SPSS Inc, Chicago, Illinois) with values for p < 0.05 being regarded as significant.
Results
Mortality during the follow-up period. Kaplan-Meier survival curves for the patients who underwent surgical and conservative treatments and the causes of death for all patients, are shown in Figure 1 and Table II . The probabilities of survival in the patients who underwent surgery were 100% at eight years after surgery, 96% at 16 years (95% confidence interval (CI) 89 to 104) and 92% at 24 years (95% CI 82 to 103). The probabilities of survival in the patients who received conservative treatment were 100% at eight years, 75% at 16 years (95% CI, 58 to 92) and 52% at 24 years (95% CI, 27 to 77). The deaths resulted from infection or comorbid conditions, which were unrelated to the cervical spinal disease or its operative treatment. Five patients in the conservative group died of respiratory failure and pneumonia. The outcome of surgical treatment was significantly (p < 0.05) better than that of conservative treatment. The relative risks of mortality for conservative treatment compared with surgical treatment within the strata of the clinical parameters are shown in Table III . There was a 1.7-fold decrease in survival for conservative treatment compared with that for surgical treatment, which was statistically significant (p = 0.04) in all strata. The significantly high relative risks of mortality for conservative treatment compared with those for surgical treatment were mutilating disease (p = 0.01) and susceptible factors in both of the HLA-DRB1 alleles (p = 0.045). (Table IV ) . There were no significant differences in pain, neurological deficit, function and radiological findings in the surgically-corrected patients compared with those treated conservatively. Pain (p < 0.01), neurological and functional (p < 0.01) outcomes and the radiological outcome of atlanto-odontoid interval, vertical migration and * significant difference † MUD, mutilating disease; MES, more erosive disease; LES, least erosive disease ‡ S/S, susceptible factors in both of the HLA-DRB1 alleles; S/N, one susceptible and one non-susceptible factor; N/N, two non-susceptible factors Table IV One patient had a post-operative wound infection which resolved after local debridement and treatment with antibiotics, and one patient had an infection at the donor site of the bone graft in the posterior iliac crest which also resolved after treatment with antibiotics. There were no neurovascular injuries caused by surgical stabilisation.
Pain and neurological, functional and radiological outcomes

Discussion
A consensus has not been reached regarding the appropriateness of prophylactic surgery in rheumatoid arthritis for patients with an abnormal atlanto-odontoid interval in the absence of intractable cervical pain or major neurological deficit. Some authors have reported that the atlantoaxial joint surfaces are eroded and that the instability of atlantoaxial subluxation decreases naturally when rheumatoid arthritis has persisted for 20 years. 11 Others recommend the operative stabilisation of subaxial subluxation in rheumatoid patients who have a space available for spinal cord ≤ 14 mm regardless of the presence or absence of a neurological deficit, in order to avoid the development of irreversible paralysis. 9 In our study, the results of surgical correction were compared with those of conservative management after 24 years in rheumatoid patients with radiological evidence of atlantoaxial subluxation who had some degree of pain but without a serious neurological deficit.
The following two points were clarified at the final examination. First, the mortality rate of rheumatoid patients who underwent prophylactic atlantoaxial fusion was significantly lower than that of patients who received conservative treatment. The deaths resulted from infection or comorbid conditions. Secondly, relief from pain and neurological and functional recovery were significantly better, and the radiological degree of vertical translocation and atlantoaxial subluxation was significantly lower, in those who had surgery than in conservatively-managed patients. Therefore, prophylactic surgery with relief from pain and neurological and radiological recovery of axial disease seems to offer an improvement in the activities of daily living, which may contribute to a longer life.
A study on the natural course of a lesion of the upper cervical spine in rheumatoid arthritis has shown that patients with the most aggressive rheumatoid arthritis classification, the subset with mutilating disease, should undergo surgical treatment of the cervical spine at an early stage. 12 In our study, the relative risk of mortality for conservative treatment compared with that for surgical treatment within the strata of subsets of rheumatoid arthritis suggested that rheumatoid patients with mutilating disease should undergo atlantoaxial fusion even if they do not have objective findings of paresis and pyramidal (long-tract) signs.
